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PREFACE 


This  report  (Vol.  II)  and  the  accompanying  "State  of  Knowledge  of  Zone  Currents"  ( Vo  1 .  I)  are  pub¬ 
lished  to  provide  a  state-of-the-art  summary  of  research  on  coastal  hydrodynamics  and  its  three  main 
components:  longshore  currents,  nearshore  circulations,  and  rip  currents.  The  two  volumes  concentrate 
on  all  theoretical  aspects  since  1967  but  include  physical  descriptions  and  experimental  data  made  much 
earlier.  The  work  was  carried  out  under  the  U.S.  Army  Coastal  Engineering  Research  Center's  (CERC) 

Nearshore  Waves  and  Currents  work  unit,  Harbor  Entrances  and  Coastal  Channels  Program,  Coastal  Engineer¬ 
ing  Area  of  Civil  Works  Research  and  Development. 

The  report  was  compiled  and  annotated  by  Dr.  David  R.  Basco,  Associate  Professor,  Department  of  Civil 
Engineering,  and  Rod  A.  Coleman,  Ocean  Engineering  Department,  Texas  A&M  University,  College  Station, 

Texas,  under  CERC  Contract  No.  DACW72-80-C-0003. 

The  authors  gratefully  acknowledge  J.  Hyden  and  S.  Hall  for  their  assistance  in  preparing  the  report, 
and  the  following  individuals  for  their  assistance  in  obtaining  copies  of  the  reports  and  journal  articles 
cited:  Prof.  A.T.  Barcilon,  Florida  State  University;  Prof.  J.A.  Battjes,  Delft  Technical  University; 

Prof.  A.J.  Bowen,  Dalhousie  University,  Nova  Scotia;  Prof.  J.  Chappell,  University  of  Sydney;  Prof.  R.A. 
Dalrymple,  University  of  Delaware;  Dr.  M.D.  Earle,  Naval  Oceanographic  Office;  Prof.  W.T.  Fox,  William's 
College;  C.  Silreath,  Texas  ASM  University  Library;  Dr.  M.R.  Gourlay,  University  of  Queensland,  Australia; 

J.  van  de  Graaff,  Oelft  Technical  University;  Dr.  R.T.  Guza,  Scripps  Institution  of  Oceanography;  Prof.  T.F.W 
Harris,  University  of  Auckland,  flew  Zealand;  Prof.  K.  Horikawa,  University  of  Tokyo;  Prof.  D.L.  Inman, 

Scripps  Institute  of  Oceanography;  Prof.  I.G.  Jonsson,  Technical  University  of  Denmark;  Prof.  J.W.  Kamphuis, 
Queen's  University,  Ontario;  Prof.  P.D.  Komar,  Oregon  State  University;  B.F.  Maddox  and  staff,  CERC  Library; 
Dr.  R.J.  Seymour,  California  Department  of  Navigation  and  Ocean  Development;  Prof.  R.  Silvester,  University 
of  Western  Australia;  W.A.M.  Smulders,  Delft  Hydraulic  Laboratory  Library;  Tetra  Tech,  Inc.,  Pasadena, 
California;  Prof.  E.B.  Thornton,  Naval  Postgraduate  School ,  Monterey;  Prof.  J.D.  Wang,  University  of  Miami; 
and  Or.  H.G.  Wind,  Delft  Hydraulic  Laboratory,  DeVorrst.  Those  contributing  whose  names  are  not  listed, 
hopefully,  will  not  be  offended  by  the  oversight. 

Dr.  C.L.  Vincent,  Chief,  Coastal  Oceanography  Branch,  was  the  CERC  contract  monitor  assisted  by 
M.  flattie,  under  the  general  supervision  of  Mr.  R.P.  Savage,  Chief,  Research  Division.  The  author 
wishes  to  acknowledge  their  assistance  in  providing  useful  references,  technical  review,  and  preparing 
the  final  manuscript. 

Technical  Director  of  CERC  was  Dr.  Robert  W.  Whalin,  P.E.,  upon  publication  of  this  report. 

Comments  on  this  report  are  invited. 


Approved  for  publication  in  accordance  with  Public  Law  166,  79th  Congress,  approved  31  July  1945, 
as  supplemented  by  Public  Law  172,  88th  Congress,  approved  7  November  1963. 
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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 


U.S.  customary  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply 

by 

To  obtain 

inches 

25.4 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.852 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  x  10‘3 

kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.01745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins1 

*To  obtain  Celsius 

(C) 

temperature  readings 

from  Fahrenheit  (F)  readings, 

use  formula:  C  *  (5/9) 

(F  -32). 

To  obtain  Kelvin 

(K) 

readings,  use  formula: 

K  =  (5/9)  (F  -32)  +  273.15. 
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SURF  ZONE  CURRENTS 
Volume  II.  Annotated  Bibliography 

by 

David  R.  Basoo  and  Rod  A.  Coleman 

I.  INTRODUCTION 

Investigations  of  nearshore  currents  have  primarily  been  motivated  by  the 
desire  to  understand  sediment  transport,  erosion,  and  accretion  processes  and, 
in  recent  years,  the  transport  and  dispersion  of  pollutants.  Those  currents 
generated  by  short-period  surface  gravity  waves  in  water  depths  generally  less 
than  10  meters  are  particularly  important.  The  major  types  include  wave-driven 
longshore  currents  and  nearshore  circulation  cells,  along  with  rip  currents, 
onshore-offshore  flows  caused  by  winds,  and  wind-induced  alongshore  flows. 

The  articles  of  primary  interest  in  this  bibliograhy  discuss  analytical 
theories,  laboratory  and  field  experiments,  and  numerical  simulations  of  near¬ 
shore  and  surf  zone  currents.  Also  included  are  related  articles  on  measure¬ 
ment  technology,  instrumentation  to  conduct  experiments,  and  the  following  sub- 
areas:  wave  thrust  (radiation  stress),  wave  setdown  and  setup,  bed  shear  in 
oscillatory  flow,  edge  waves,  wave  breaking,  bore  theory,  and  momentum  and 
energy  fluxes  in  the  surf  zone.  Since  the  literature  in  some  of  the  subareas 
is  extensive  enough  to  warrant  separate  bibliographies,  only  some  of  the  most 
important  or  recent  articles  are  included.  A  few  sediment  transport  articles 
are  also  included  in  cases  where  coastal  hydrodynamics  was  investigated. 

II.  SOURCE  INFORMATION 

Each  entry  of  the  bibliography  has  a  reference  number,  author  or  source 
information,  keywords,  and  when  possible,  a  summary  of  the  content  of  the  arti¬ 
cle.  An  alphabetical  index  of  subject  heading  (keywords),  indicating  refer¬ 
ence  numbers  of  the  sources  is  given  as  Appendix  A.  Most  of  the  annotations 
are  condensed  versions  of  summaries  provided  by  the  authors  of  the  articles  or 
by  Delft  Hydraulic  Laboratory  (DHL),  Dissertation  Abstracts  International  (DAI), 
and  Oceanic  Abstracts  (AM).  The  source,  when  used,  is  indicated  in  parentheses 
at  the  end  of  each  summary.  The  complete  bibliography  was  compiled  from  vari¬ 
ous  sources,  including  computer-based  indexes,  library  card  indexes,  and  vari¬ 
ous  journals,  conference  proceedings,  etc.  Appendix  B  provides  a  list  of  these 
sources. 
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III.  ANNOTATED  BIBLIOGRAPHY 
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olane  belch  and  on  a  beach  with  a  bar-trough  profile  Indicates  that  the  performance.  Detailed  discussions  of  the  observed  data.  Instrument  and 
model  Is  capable  of  predicting  qualitatively  and  quantitatively  all  the  mooring  characteristics  and  performance,  and  the  effect  of  surface  wave 
main  features  of  the  data.  (Authors)  and  wave-induced  mooring  motion  on  different  measurement  systems  are 

presented.  (Authors) 
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provisional  pressure  values.  Using  recording  current  meters,  cal-  eye.  Thus,  insufficient  raw  data  are  the  primary  deficiency  noted  In 

culations  of  the  flow  rate  and  Interrelationship  of  water  movement  the  report, 

along  the  shore  and  normal  to  It. 

Several  possible  ways  of  Installing  recording  current  meters  In 
nearshore  waters  are  discussed,  and  the  following  three  methods  used 
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101.  GALVIN,  C.J.,  "Resonant  Edge  Waves  on  Laboratory  Beaches,"  Transaction!  city  prediction  appears  to  be  an  empirical  correlation  based  on  reliable 

of  the  Amerioax  Geophysical  Union,  Vol.  46,  No.  It  Mar.  1965,  p.  112.  data.  (Author) 

Keywords:  Edge  t oaves,  laboratory  experiments 

Resonant  waves  have  been  produced  whose  period  T  and  wavelength  L  103.  GALVIN,  C.J.,  Jr.,  “Shapes  of  Unbroken,  Periodic  Gravity  Water  Waves," 

are  related  to  beach  slope  a,  according  to  Stokes’  edge  wave  equation,  Tnrxaaatiarxs  of  the  American  Geophysical  Union,  Vol.  49,  No.  1, 
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The  measurements  are  evidence  that  longshore  current  velocity  has  a 

maximum  value.  There  are  a  surprising  number  of  physical  constraints  109.  GALVIN,  C.J.,  and  SAVAGE,  R.P.,  "Longshore  Currents  at  Nags  Head,  North 

that  can  explain  such  a  maximum,  five  of  which  are  listed  here:  (a)  max  1-  Carolina,"  Bulletin  of  the  Coastal  Btgineering  Research  Center,  Vol . 

mua  lateral  force,  (b)  refraction  constraints,  (c)  erodible  channel,  II,  U.S.  Army,  Corps  of  Engineers,  Washington,  D.C.,  1965-66. 

(d) velocity  distributions  on  fixed  beds,  and  (e)  wind.  (DHL)  Keywonls:  longshore  currents.  Held  investigation. 


Longshore  current  velocity  and  associated  wave  and  beach  conditions  waves  are  bottom  friction  and  breaking.  Both  aspects  are  analyzed  in 

were  measured  during  5  days  in  March  1964,  along  a  beach  on  the  Outer  this  study.  Experimental  evidence  shows  that  in  a  breaking  wave  regime 

Banks  of  North  Carolina.  Velocity  measurements,  obtained  by  repeatedly  the  disturbance  of  the  flow  in  waves  is  often  limited  to  only  the  upper 

timing  the  travel,  over  a  200-foot  distance,  of  free-floating  balloons  portion  of  the  depth;  a  two-  or  three-layer  model  may  then  be  used  to 

filled  with  freshwater  did  not  indicate  a  pulsating  flow  for  the  long-  describe  the  water  motion.  Field  experiments  have  been  carried  out  in 
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Details  of  the  envisioned  Instrument's  operation  are  discussed.  There  maximum  setup  on  the  Peach  can  reach  values  up  to  30  percent  of  the  in¬ 
is  a  variation  in  peak  water  level  at  the  pile  on  the  order  of  the  inel-  cldent  significant  wave  height.  The  field  investigations  have  shown 

dent  crest  velocity  head,  and  the  accuracy  and  resolution  of  the  water  that  the  rise  of  the  mean  water  level  due  to  wave  setup  is  significant 

level  gages  In  sensing  this  variation  seem  to  place  the  most  important  and  should  be  taken  In  account  In  determining  the  aeslgn  water  level 

limitations  on  the  Instrument's  usefulness:  the  direction  of  only  rather  for  coastal  structures.  (Author) 
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based  on  the  advectlon  t--  ?-r  -e  nea^'^O'  •  circulation  cell  are  of  the  waves.  The  second  process  is  advectlve  and  Is  associated  with 

shown  to  give  reasonin'  c-_  •  ic  r-  :c  cent!.. ions  of  dye  along  the  longshore  and  rip  current  systems  in  the  nearshore  circulation  cell, 

beaches.  (Author)  For  constant  longshore  discharge  of  water  between  cells  Qt>  this  process 

gives  a  concentration  in  the  nth  cell  downcurrent  from  a  contin- 

n  _ 

uously  Injected  source  of  dye  of  N  =  N  (Q  /0  )"  is  ti.e  concentration 


«c 

o 


V-  »— 

r~  r~  ti 

«#***» 

c  u  V 

**  ,  *  i 

?  c  *  > 

>  «  5  ^ 

«  «  c 

0>  f-  V  >> 
—  *  C  .O 


IA  «  C 
«t  4/  *-» 
3  /I 


v-  V» 

—  a  t» 
<u  o  > 


•  2  £ 

KJ  CX  U 

Z  ~  % 


«  i  - 

-rj  *->  *-> 

c  <« 

J6  *o  -o 


46 


.  S  "  € 

us  * 

3  °  _  2 

M  C  «  ▼> 
<J  C  fc. 
>>  «  o  u 
■a  4J  -r-  «n 

*i5  t*  • 

L.  X> 
**  «  O 


g^l 


US 

8  « 


I  Ss  * 

Cr>  +->  t. 

«»  •*-  o 

k.  VI  .c 


£  O  ♦» 

■JVC 

5*1 

fi  C  T3 

3  3  4/ 


1  f  I 

«»  TJ  >, 

^  i.  '5 


c?3 
5  *  . 
Z  2  S 

g  S  w 

a  «  « 

•  v  5 

5  S  C7> 
c  I  ^ 
°  Tt 

1  Is 

6  i 


o  a> 

“if 

5  f  v. 


•M  O  « 

“  3  s 

Is- 

c  f  0 

^  o  a> 

3  g  5 


1^1 


t  r 

+*  &  v» 

a>  c  « 

U  • 

5  g  U 

US 

<7»  t“ 

*  15 
.  s  g 


«  c  c 

5 :  i 

a>  -a 
■*£  C  <U 

r  x  5 


3  «  U 

O  k. 

»•-  O  Q. 


O  C 
«P  =» 

e  “ 

£X  T5 
a  c 
^  o  to 


•*-  vi  tj 

*-*  a 

w  v»  o 

?*  =  C 


u  «  cx 

t  ~  3 
2  t  f 


i  x  o 

Ef  7 


Sol 

5  5* 

>  c 

i  e  r 


-  I  *T  k 

V)  V  N  O 

*  *  ^  I 

I  5 


«  «  a 

k-  x:  * 
cr  P 


<a  c 

V  o  v> 

41  f-  «f 

c  o>  > 

4  i  S 


<4-  J  O' 

O  C  Cl 


k  ^  Q 

O  V)  £ 

41  a  v » 

5  s  S 

4J  *  C 


8  o  5 

a e 

o»  c 


O'  p 
V  3  V 
COP 

:  {  5 

5  fe.  X 


*  8  T 

k.  4  o 

*  *  5 

41  Q  3 

5  5  2. 

*-»  « 

*  5  • 

5a? 
o.  a 

4)  '*-  ^~ 

P  O  C 


stress,  the  horizontal  distribution  of  longshore  currents  Is  Invest!-  of  Bowen,  et  al .  (1968)  are  followed  to  calculate  the  wave  setdown  and 

gated.  The  maximums  and  minimums  of  this  velocity  profile  are  found  to  the  setup  gradient  Including  the  effect  of  depth  refraction  on  the 

correspond  to  the  antinodes  and  nodes,  respectively ,  of  a  standing  wave  variations  of  the  mean  water  level.  Letting  eQ  be  the  deepwater  angle^ 

systsn  produced  by  the  presence  of  the  seawall.  (Author)  of  Incidence,  the  maximum  wave  setup  varies  approximately  as  (cos  eQ)  s. 

all  things  being  equal.  Equations  are  also  presented  to  calculate  the 
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The  brief  section  on  longshore  currents  Induced  by  waves  only  reviews 


1 


This  paper  studies  the  second-order  currents  and  changes  in  mean  sur¬ 
face  level  which  are  caused  by  gravity  waves  of  nonuniform  amplitude. 
The  effects  are  interpreted  in  terms  of  the  radiation  stresses  in  the 
waves. 


The  first  example  is  of  wave  groups  propagated  In  water  of  uniform  though  less  rigorous.  Is  used  wherever  possible.  The  Influence  of  capll- 

mean  depth.  The  probleei  Is  solved  first  by  a  perturbation  analysis.  larlty  on  the  radiation  stresses  is  fully  described  for  the  first  time, 

in  two  special  cases  the  second-order  currents  are  found  to  be  propor-  (Authors), 

tlonal  simply  to  the  square  of  the  local  wave  amplitude:  (a)  when  the 

lengths  of  the  groups  are  large  compared  to  the  mean  depth,  and  (b)  220.  LUNDGREN,  H.,  "The  Concept  of  the  Wave  Thrust,"  Progress  Report  No.  3, 
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228.  MANOHAR,  M. ,  H06AREK,  I.E.,  and  MORCOS,  A.,  "Longshore  Currents  and  Rip  current  phenomena  were  studied  in  the  laboratory  to  better 

Waves  at  Burullus  Coast,"  Proceedings  of  t ha  14th  Conference  on  understand  their  generation  mechanisms.  It  was  found  that  normally  in- 

Coostal  Engineering,  American  Society  of  Civil  Engineers,  Vol .  2,  cldent  regular  waves  on  a  plain  beach  in  a  wave  basin  with  wave  paddle 

1974,  pp.  685-698.  create  free  oscillations  or  "cross  waves"  at  various  angles  to  the  beach. 

Keywords :  Longehore  currents.  Held  maewements,  Egypt  Th*  V<*ye  height  yariat1or'  al°"9Shore  **•*  resets  Is  shown  due  to  the 


r 

r 


t 


ry  <n  c. 

c  o 
o»  o 

t-  i-  vi 

«J  ■M  C 


SJIS 
,,  is  g  « 

s  t  e  o 


>» 

^  r  - 

tg  a»  at 

6  c  > 


tA  K 

r-  -r-  B  01 

§  4?  3  ^ 

O  «A 
c  at  -c 
£  W 

B  4->  CP  r- 

Q  8-  B  O 


>  c 

C  |  ° 


i-  o 
«0  t- 
>  3 


-r-  O  « 

+->  «  U 

«  fc-  B 

—  01  V» 

3  >  « 

U  <0  — ' 


B  *J 
JC  4-» 

4J  -a  a 
C  £3 


VJ  *  £ 

a)  *-*  -* 

c  «o  «0 


£  £  . 

jO  41  C 

X>  O 

b  •*-; 


a>  -o 
b  x=  *- 
xr  b 

*.»  •*- 

«) 

a>  «a 
m  «  £ 

«  V  u 

B  C  -M 
t-  U  ® 

£  s  g 


•r-  a.  b  c 

-  °  2  g  >, 

B  VI  W-  «*-  «♦- 

o  n  2  *»  *£ 

n  u  o*  b  b 

«  3  *  > 

«•-  v  o  _ 
^  i  ^  2 

VI  fc.  *J  a 

P  tn  3  ♦; 

at  a.  »-  a  c 

x:  *)  o  E  <w 

<-»  B  ♦>  O  *•“ 


B 

•  C  3 

*-*  O  — 

C  *r-  « 

0)  ♦>  > 

—  u  c 


3  5  1 


o  vi  » 

•r-  V 

su 

c  o 

■o  *>  «l 

£  £  S 


3  c  | 

cr  aj  o 


n  i  n 

o  ♦*  -o  c  c 

hyj'  i 

C  -o  <a  «->  ■*- 

m  e  c  •*-  -o 


DPI. 
U  B  H- 
3  V>  _ 


o  at  b 

“51 


n  £  iJ 

E  U  -O 

•  s  - 


^  -  s  ? 

|  ^  s 

£  «o  vr 


t  5  !  2  |  9 

4>  M  Ij  U  IB  « 

U  tA  U  «  U  £ 

£  -5  u  F  b 

2  *  t  5  £  I 

°  p  §  * 

?  ?  2  ;  ; 

^  *  9  •  ®  ® 

B  —  <- 

Dt  a  £  >  >  ? 

£  5  **  S  S  I 

x  at  x>  cr  cr.  *A 

C  •*-  *r*  43 

g  V  «  V  V  o 


O  V  s 

O  B  I 

•  35 


O  *»4  tO 

;;  H  ~ 


Of  o 

ocx: 

c  o  tl 

|  ?  £ 
u  a.  c 
p  B  £ 
P  T)  a 


O  •*  •*“ 

C  w>  p- 

«o  to  to 


«  &  8 
C  <o  c 
^  a  x 

■S  B  H- 
O*  £  O 

c 

o  B 


tjr  »  Z*. 

O  >, 
a  i~ 

O  O  to 

f  -  a/ 


*i  ?  ? 

O  B  |» 


r-  H-  O 

8  °  • 

"  g  5 

tO  4J  C 


f  It 

1  S.  3 


cJ  ^  S  « 

Iff  ? 


B  |  ? 


l  2  *  i  § 

B  B  C  4-»  U 

0.  0  B  W 

O  t-  *  fl 

o  c  +»  _ 

«  O  v  X» 

£  «  O  C 

U  •  U  B 

C  Vt  M 

*0  B  U  • 

«  V)  W  f  C 

VI  •*"  ♦>  o 

f  n  i  » 


x  *  y 
b  fc 
>  c  q 

3  5  £ 

x:  X>  B 

2  |  i 

«  I  * 

5  S  S 

!  c  I 

8  £  C 

I  2  8 

W  Fi  O 


IU  o  s 


•  XJ  1 

~i  *  8 

“  f  u 

«  *  5  ¥ 

UJ  *J  -l  o 

d  T5  8  I. 


«  ?  2 

~  a  S, 

o>  L 

«w  £  £ 

-2  «_  “ 

£  *  a 

<«  3  T 

V  U 

c  •*-  ^ 


o  c 

31“ 

W.  *0  o 
!>>♦-> 
o  L 
4>  «/> 


g1  *  £ 

:  S  i 

2  t-  -r 

II 

, —  o  1/1 


*  «  s 

t  ?  I 
&  3!  1 


S  >.  t 

CL  C  P 


•  ID  VI 

*  V>  « 

-  o  o» 

3  Ol  C7i 

3 

C  Of  i« 

^  |E  „ 


;  -  s 

»-  4-»  O 

O  «J  T- 

4-*  TJ  4-* 

a  ~  & 

>  «s  > 


><0  4-* 

c  a  s 

■*-  -o  •*- 


o  .  o> 

s  *  s 


O  *-*  to 

t-  «J 

C  «*-  •*- 

O  v* 

>  C  L 

CT'  O 

41  3  > 

•C  O 

4->  -C  L. 

4->  Oj 

H-  —  _* 

O  *0 


•*-  xj  n 

5.  S 


Q.  t- 

■*-  >. 

4i  <«-  U 


o 

CO 

.  i2 
5  *.  - 

C  S  t 
r-  4> 

c  2: 

5  8  ? 


c  */» 

O  -O  41 

S  5  Z 

z  _  " 

•*“  TJ  -O 

wt  o  c 


X  5  " 


VI  E  VI 

*•  5  k 

*,  a  s 

£  “  5 

r 


£  3  o 

°  >5  H- 

*C  ° 
CD  ♦*  >» 

•*“  tv.  4-» 

(I  H  # 

41  J!  O 

>  *»  »/> 


o  n  t 

«  II 

TJ  ^  < 


3K  VI  C  4J 

fc  C 

41  -r-  -*  t> 

c  >*  «  ■« 

•Xf*. 

$  s  *  >,  5 

f  a  e  • 

•  i  ^  5  i 

»  O  3  $ 

t-  1-  O  4  P 

*->  »-  —  U 

*  *  a  ?  i 


I  3  , 

4  U 

CD  N 

a-  o  L 

O  ♦-*  3 

-  «  W 

VI  l~ 

>*  %  £ 

i  5  * 

.O  M  « 


>  a 

L  v 

S  R  « 

*  41  u 

41  S  £ 

5  t  w 

o  « 


*»  3  « 

^  £  3 

z  *  z 

*  t. 

•  X»  t 

2  3; 

tM 


41  CM 

1*1 


I  S  ft 


s  •*  I 
fi  *■  I 


*  *  * 

5  %  O. 

1 1  s' 

U 
*  £  - 
«  s.  5 


i  f 
5  3  r 
.  c  % 

ru 


1 


Keyvwrds:  Umgehore  currents.  Theoretical  no  del.  Curved  shorelines  Rip  current  systems  on  a  plane  beach  produced  by  a  uniform  wave  train, 

normally  incident  on  the  beach,  were  investigated  experimentally.  The 


4> 

n 


Hi 


l  3  A 
I  *•  w 

5  ■s.  o. 


a»  S  z 

Hi 


X  S'  2 

f  t  | 

ft.  m  £ 

*  45  ** 

15  5, 


:  § : 
«  r  a 

2  **  2 


C  H-  »■ 

Jtt 

«  ft. 

g»  g  • 

8.  Z  i. 

E  c  S 

Q.  «J  C 


•m  er  tj 

1  f  ~ 
S  s; 
s.  2  . 

?5  f 

8  5" 


S 

o  C 


S  2  6 

?  -D  " 

05  M 
I-  N  C 

a  t  ° 

«  «  ^ 

?  i  5 

*  —  cr 

o  •—  41 


*0  VI  r— 
£  C  < 
0  O 


a  5  x 


5  S’  £ 

V 

c  i.  I 

■r  «i  6 

M  O 


s  *  5 


°3  «  O 

«  1  5S 

K  *»  VI 

9  45 

C  0  3  0* 

£  c  S'  3 

I  2  t  S 

a  y  «»  > 


—  *o 
o  •  vi 

VI  C  -r- 


V  t 
S'  -  « 
$32 
S  2 


♦J  t-  w 

ft.  ft. 

45  «0  O 


3:  to 

Q  S  "S 

.  s  <-» 

£  ,  2 

§  j  r 

se? 


cr  o  3 

35  *r-  cr  c 

^(10 

>  5  TJ  ft 

in.w 

3 

p  a  ■*  uj 

ii  to  in 

N  •;  c  ft 

T  c  O  •»“ 

ft.  «r-  or-  «/ 

«  vi  *-»  x: 

ll  to  0 

C  3  3 

•*-  O  cr  C 

tO  41  •*“ 


ft-  4>  O 

2  r 

»o  y 

3c  &  yi 

S  /»  ft. 

41 

:  $  ! 


5  .3  2 

C£  41  O 


U  4) 

«  ft.  CM 

V  2  _ 


C  T3  Vt 

3  =  « 

»  o 

“2  v 

c  >  v» 


j  s  ra  ? 

O  O'  1“  £3 

a.  c  ft. 

44  O  •  45 

«o  r-  o  45  r: 

£  -  £  5  ^ 

•°  S  oi  o*  ? 

•»  r-  C  C  O 

5  u  W  ^ 

4  &  V*  ft  4) 

u  -a 

E>»  o.  c  t- 

♦>  «r>  t*  VI 

II  ft 

NS«5J 

8  «  5  j  5 

C  >  VI 

^  a  5  to*  v 

H  u  *5  >  ° 

£  •  C  g  5 

4-  £  2  a  5 

£  ♦*  **  Q 


1  '  2 

ft.  4->  05 


k  t  e 

*  J?  2  E 
£  to  V  O 

4»  n.  m  *j 

c  y  4J 

«>  o  5  o 

4 

O'  —  4- 

12  3° 

4  3  «  >* 

3  4  4 

«■»  •—  O  ft- 
3  U  U  ft. 

a.  c  0 


;  5? 

■o  >  » 

*  s  ^ 


S  -  g 
s  $  s 

W  f  4 

J  V 
3  •  Sf 

T»  >  **- 

■o  o 

f  ?  t 

l*  ft-  o 

3S  •£ 

>  v» 


»-  U  ft. 

41 

H-  O.  45 
« 

^  4-  <0 
U  °  TJ 

o  g-  5 

>  O  VI 

8  l  S 

c  ■  *. 

lit 

i  5 


£  £  2 

r>  *-*  -O 

;  >  ? 


that  give  an  adequate  qualitative  description.  The  results  are  of  value  water"  some  becomes  fully  turbulent  and  the  mean  motions  become  quasi- 

'or  comparison  with  detailed  experimental  measurements  and  for  gaining  steady.  (OHL) 

understanding  or  surf  zone  processes.  (Author) 


C 


<3 

& 


s 

c 

3 


I 


£ 


3 

S 


a  st 


■r-  > 

U  *0 

o  * 


&  « 

47  t 
—  4> 


-  e 
■  S  E 


C  CL 
-  £ 


4/  4/ 

C  > 
o  «0 
£•  if 


t>  <y 
>  ■n 

5  ^ 


lO  C 

V  E  4i 

>  3  d 

lO  -r- 

*  * 


c  — 

O  TJ  <« 

T-  47  O 

L-»  •*-  -r- 


r*  t  W 

Car  o 

t/t  c 

xi 


3  5 


° 


2-0  -O 
4?  ■— 


S  47 
2  5 

Of 


.  i  5 


X3  V*  to 
c  C  47 


X!  £  C 


*  « 
S  f 


8  e  £ 

41  •*- 


=  I 

J  t 


Si 


,  3  3 


a>  m 


«  5 

£  47 

5  = 


U  JZ  -O 


5 1 
?  c 


I 

5 


47  ®  -v~ 

C  £  Dl 

1)  U  tn 


r-  £ 

2  c 

C  -o 
£  & 


§«  4> 

a  > 

5  -  S 

m  ui 

V  u 

•m  £  O- 

x:  u  o 

&  3  y 

*  °  E 

«  ?  £ 
r—  H) 

^  V,  ^ 

X  2  X 

ft)  ro  <u 

>  *  ? 

^ 


•5  £ 

•o 

47 

(-  w 

in  ^ 

to  u 
-w  <« 
L  V 

$  * 
C 

*—  o 
id 

u  to 

X  z 

i 8 

C  *J 

?  I 

«a  to 

«  c 

«j  a* 
c  a. 

I  s 


q  y  41  m  o  n 

I  f  5  „  ;  J 

-v-  O  I-  4) 

(I  17  41  £  E 

C  J=  c  .*  u  ■*- 


4» 

2  3 


•o  ip 

t  I 


^  - 

Z  -  41 

I  3  5 


**  E 


R 

to 

S’ 

3 


t-  4» 

k  5 

U 

e  i 


« 

5 


47  (O 


IO  44  *—  to 
Ch  £  Cl  r- 


£  4/ 

S  5 


X  tn 

g  E 


3t 
C7* 


•r-  »*- 


WE? 


•f  CTi 

a» 
a>  x 

+->  i 

*o  ♦-* 
—  4) 

1  ft 


>N 

—  >t 

CTi  jo 


4z  H  « — 


CO  r- 


to  *— 


L  f  W- 

4 I  >  0» 

*-»  C  4-» 

*  O  XJ 

*  u  o 


f~  CO 

s  & 


*—  to 

I  ^  t 

i  §  * 


5 

e 

»  c 


i  i- 


E 


> 

J  o 

O  to 


3  «  ^  3 


U  ^ 
41  <0 

?  3 

3  U 

i  I 


&  £ 
to 

3  vl 


u  47 
to 

i  8 


i  s 

ui  C 


»  Q.  * 

X  S  m 

“H 


i 

I 

! 

o 

5 


I 


l 

•Q 

3 

5 


4) 

4-» 

>*  •*- 
to  X 

k  =* 

to 


«j  r-  o 

«  «  T- 

—  cn  *J 

4>  U  Q 

to  E 


4-*  4)  r— 


^  * 
C  * 

47  ^ 


K  3 

s  c 

O  "D 


3  o  -  -  E 

5  o  45  Z  * 

2  »  o 

s  .  t  ^ 

y 

U  •  ^  47  C 

«7  07  c  ■*:  ° 

E  3  **  41 

5  X  d  ™ 


-  5  8  I  2  . 

^  E  "  3  C  S 

**  L.  O.  «  *- 

c  o  ;  d 


47 

C  > 
-*-  4J 


fc.  *->  *— 


*  i 


67 


C  Ot  -C  V 

O  r-  *3  >  (V 


v»  fc.  ft) 

•5  S  £ 

1  5  « 

2  *>  - 

o  x:.  x: 

».  **  * 
o  o 


%.  T>  ** 
V  01  T> 
v»  *-»  o 
•—  O 
«  tf«  r- 

x  &  *■ 

a  qj  jz 
•Q  *-» 

4J  -T- 

3  VI  X 

O  « 

.  *  ? 

§.  s*  f 
2  £  t 


VI  •*- 

^  if  * 

co  — 

•*  s.  f 

!•  v» 

5  T>  U 

^  I 


S  •  I 

«  * 

w.  a  C\J 

o»  5  — 

P  -2  * 


5  ^  § 

M  4i  t 

5  iJ  v 


°  5  ?• 
V  3  C 

5  i  ? 


I-  t-  OJ 

«  V  u 

*->  x>  o 

c  c  -O 

-30 

v  a.  a. 


V  XJ  • 

g  M  § 

M  m  *-» 


*0  vi  a> 

vox: 
i»  x:  4J 

O  *J 

V 

V  X  OL 

x:  —  «j 
*>  u  r 

«  VI 
T3  O 

se; 

>v  a  c 
2  r  | 


O  i-  V 
O  3  U 

°  9 


5St 

t  S  % 

3  jj  • 


C  -V  — 

I  §  a 

e  ii  * 


VI  «  « 

v»  a  o 

3X0 


•  il  VI 
C  <J  3  — 
a  <*  O  *= 
— )  o  o 

till 


I  • 

£  t  ^ 

3  O  Ul 

Irt  I/)  — 

V 

V  ^ 

3C  W  a. 

w  .2  . 

c  b>  o 

V  O  CO 

L  Cft 

»-  O  — 

3  *  . 


V  =  O 
«—  -  > 

—  V 
«♦-  u 
o  o  c 


x  x:  -o 

•  O'  <0 
<  -r-  O 


rn» 

« 

tfl  **-  w 

o  VI 

w  w  « 

«  8  B  E 


«t  o  Ji  - 

=  333 

•  u  r  r 

•  u  ♦» 

~l  CL  C)  3 


o  vi  V,  00  l 

c  «o  ci  rn 

<v  u  o  00 

.  t  - 

t  2  -5  «T  a. 

•g  o  a. 

*  V  «  H 


5^0 

♦j  «  a. 

®  3 

^  -  V, 

*  s  5 

.c  o  **- 
v  f  r 
a.  v  s 
v  « 


•  u  « 

i  s  | 

■t  X  OQ 

«*  S 
UJ  o  «A 

S  *  2 

uj  o  Q 


m  ‘ O 
l-  C  H- 
O*  «*  O 


>»  o 

l_  «/»  u 

tO  4-» 
u  c  C 

£  e  - 

f  ^ 


o  j  to 

c  L  o 

O  y  CO 

t;  *  K 


O  «  o- 

-c  §  cyv 

Jrt  r- 


X3  -O 

,82 
•*-  o 


O  O*  lO 
« **  ° 


u  o.  u 

8  to  o 

l-  «•- 
C  O' 

a  £ 

o  o  « 


•  M  N 

3  8  2 

4  <»  ■ 

H  ss 

oe  ^  — 
o 


■0*0- 
c  u 

fl  «  * 

QJ  to 

-  CO  Lp 


to  W>  VI  J 

cn  tj  re  c  •o 

H)  H-  Q.  U 


£  O'  40 

a  «  o> 


138 


•  M  CM 
<  W  ^ 

3S  «  r* 


*3  +>  » 

O  «Q 

•  03  tO 


SJ1I 

Uj  tO  O 


o 

i  V  S 
“So 

H-  U  to 

&.  c  - 

o  o 

MUM 


i  -  8 

a  v 
Q. 

to  O'  VI 

*—  3 

>»  O 

O  -  T* 

w  > 

8  $  a 


«  j;  **- 
tn  4^  O' 

S  g  £ 

1  = 
•  *»  > 

^  O 

<  0  ^ 

3K  •»  O 


Ct  tj  «J 

O  »  •*- 

X  «  u 

_  V  o 


C  M  « 

^  *S  Z 


o  .%  o 

£  V  ?> 


♦J  «->  O 

V»  i;  K 

*J  o 


2  8 

g**»  to 
»«4 

?  2  S 

•  &  | 

-.  *  * 

M  ♦»  .  X 

<  *K  tl 
2  o  •■* 


a  i  v 

U.  4J  O 


-  ■»-  «> 
»-»  ©  » 
3*  O  *•- 


69 


>1  >. 


■O  4-> 

c  o  a> 

fl  c  > 

C?  Of  5 

O  U 

5IS 

«o  «— 

■r  W  f 

u  F  e 

>  aj  t/i 


Of 

£  c  vi 

a>  a i 

i-  t-  -c 

«  k  u 

-*  3  «J 

«a  u  of 

a >  ■& 

u  *-» 

x»  «  >» 

-c  -a 


U  O  vi 

£  -  K 

1/1  V  ° 

01  o  VI 

5  W  i. 

Of  O 
■M  4- 

«  f- 

6  e  I 

5  ^  rr 


VI  C7> 

a  r  w 

l  s  ^ 
"at 


1  ii  a 
vi  e  >  v» 

4-*  O  •—  *J  <0 

vi  vi  o  O 

a  u  s  g  _* 

D  -r  TJ  1/ 

Of  -r-  T-  > 

s  t  a  ■°  • 


L>  L. 
1-  C  V 
4J  4>  > 


a  .5  . 


S  8  -* 

v  v  *o 

n; 

L  O 

«1  •  • 

?  *'  £ 

<2  ~a  t> 


!  t  J 
£  *  £ 


-  >  i 

£  s  | 

5  I 


«;  o  4-* 

>  •«- 

1  s  s 

L  !  t 


S  3  * 

CO* 


C  3  4J 

~  2  S 

«J  (7* 


C  E  01 

Kth 


TJ  «l 
*>  -r-  X= 

♦u  vi  53 


01  I-  7* 

cn  *j  4J 

,  s  | 

O-  x 


2  F  ? 

qj  oj  tj 


>»  of  o» 

^  -c  x» 

■r*  *J  4> 

o  c  a» 

*a)  1> 

>  TJ  E 

c 

—  3  '♦- 

*0  °  V 

•r-  I*-  O 

♦-»  *J 

<0  0>  3 

a  l.  o 

vi  0/ 

*  *= 


ti  &  s: 

o  a> 
01  x 

Of  > 

o  £  S 


+•>  V  cr 

•*-  £  01 

*  w- 

OI  <*- 

>>  c 


u  3  ^ 

4-» 

j  £  K 

x:  v 

Cn  ♦-»  V- 

O  Of 

Of  Of 

x:  <4-  >, 

«♦-  4-* 

Of  oi  •*- 

>  vi 

So»  o 

c  o 


fO  V*  X3 

a.  Of  of 

Of  > 

«  *  * 


i  .  E 

tj  £  3 


4- 

U  Of 
O  Of  £ 

I  4-*  4-» 


4-»  Of  "" 
a.  £  vi 
Of  4J  C 


o  S  **- 

<♦-  <0 

Of  tt  Oi 

Q  3  - 


:  «.  t 

“  £  I 


~  s*  a- 

o  •*»  01 

iu 

<  •  o 

IX  C  V> 


“f  _ 

01  V  C 

1  * ! 


i  ^  C 
4J  E  O 


£  3  ° 

O'  w  o 

•*“  C  4J 

tf  o  e 


t  n 

u  o>  *J 


1 


71 


Of 

u 


i!  a  F 


C  V»  +■> 
Of  O  »f> 

to.  « 

P  ° 

3  t.  O 
O  O 

Q  <9  & 

H1 

«  V  £ 

4-» 

irt  >> 

V.  4J  C 
«  <r  O 

*  8  « 

£  •  % 

o  >  . 

\n  «-»  v 


t-  Of 
fl  U1  w 

>  r— 


4)  41  W 

-o  c  Of 

3  T» 

O  Of  U 

c  u  Of 

'55 


V  *4-  oo 

5  v*  c* 

13  2  * 

o  J 

Z  t  2 
S.  2  I 

V»  o 
•O  4-  a: 
c  4- 
«o  o  x» 


Of  of  •»- 
»—  o  -* 
o*  c  <o 

c  M  VI 

«  v  «a 

«/»  CO 

i5? 

*o  ■—  *o 

f  3, 

c  * 
O  <0 
• —  N  J< 

3  X.  X 
3  5  5 


tfl  to  *t 

•  L  N 

ui  L  cn 

oi  — 

*  4J 

<  -5 


U  <Q  i/> 

t7*  3  *»- 

e  * 

o  >  c 

o> 


g  g  " 

o  «-> 


o  ♦>  4- 
QC  V»  ■*- 
<0  -O 


3  is 


CO  C  Of 


^  ^  s 
v  s  5, 

O'  t  TJ 

5  S’  . 

M  I.  C 


♦J  * 
Of  Of 

*°  s  c 

O  C£  «J 

«-»  Of 

■  I  - 

c  *-  >* 

O  4-  C 

«r*  <0 

*->♦->  E 
•»-!/> 

M  O  i> 

P  O  0» 

o  u  > 


g  V  « 

•pi 

f  2  s 

-r-  •«  TJ 


o  >>  ■ 

— I  E  O 

=  Em 

<C  <r> 


»  •«-  4* 

«  «  c 

*  5  £ 

«—  U  I. 

<0  0  3 


4-  a  tj 


?a:  Of 

c  f 

n.  t- 
o  Of 


Of  “5*  -5 

53, 

tA  4-f 
21  «  £ 
2f  i: 


C  4J  4J 

s  |  i 
5  I  i 

-a  15 

O  Of 

Si5 
I  I  ! 
S  2  5 


C 

O  4-  TJ 

O  C 

tJ  .  - 

£  £  fc 

5  3  i 

Of  «*-  VI 

5  2. 


Of  c  o 

¥t  Of  A 

C  U  V 

al-  t. 

3  <0 

m  u  a 

£  *:  . 

c  t  r 

«»-  O  <0 


c  «i  cn 

Of  c  c 

•p  •*-  f 

T-  *  4- 

>  h  3 

Of  T> 


*  i  >, 

c  UJ  u 


Of  •»-  »f> 

3  <0  ♦-• 

T3  >  V> 

*»  Of 


x  o»  <0 

3  C  0. 

c  -  2 

Of  <o 

B  ?  e 


Of  4» 
w  U  3 
3  Of  C 


c  c 

X  S  £ 

«—  V  4> 

£53 

S  I  £ 

a  u  w 

Of  Of 

»»  V  C 
c  L  O 
O  3  Of 
U  <n  C 


X  O 

2  t 

M  41  >, 

4*  ^  3 

k.  fc.  4-f 

RJ  w 

c  u  u 

*8  3  0 

i»  4-  s. 

f—  1A 

o»  c 

?  5  C 


5  I?  S  8 

3  ?  3  £ 


-  3  k  C 

tf  if 


o 


3  2" 

VI  [«1  . 

s  *  a 

2  * 
2  5  5 

AJ 

1  I 

2  v,  l 

v»  O  4J 

S’  *  g 

3-2-5. 

=  %  C 

*~-i  ui 


(/*  o  • 

t  -Q  L-  O  tt 

c  -  «d  v  c 

o  3  V  I  O 

O  O  >*  O  M 

u  o 

>»  t/>  o  li- 

«/  O  ^ 

rf  O  wi 

V  At 

4  10  »  £  (I 

—  T  ^  ^  ^ 

V»  4  3  o* 

0  >  K!  c  « 

*  »  r  5  s 

*£■*■*  4  w 


^  U  H. 

I  5  1 

:  i : 

■o  x:  o 

3  4-» 

S  -  2 

4*  0) 


01  x> 

t-  V  c 
>  «o 


x:  %  ° 

I  -O  C7> 

U  «,  .5 

<u  C  _* 
«o  « 


°  t  8 

%n  i~  > 

-*  3  <0 

A)  U  J 


»  t  r 

at  «;  o 

Ui  f-  <_> 


i  r  r 

3*5 


-O  u»  «t 

5  3  . 

f-  </> 


•  cx  . 
0  0.0 

9  u  * 


« 4  4-  -r- 

*>  O  U 

£U 
IA  to 

S  5  *. 

^  -O  « 

rgb 

2  S  5 


>T  4  ri 

s  £  R 


*  v»  >, 

0  4  4 

a  u  S 

<  o 


I  §  I 

h  *  « 


X  .  S 

“  •£  " 


=  2  = 

ii* 


<u  -o  i_ 

x;  n  ra  «o 

«-»  *4  a>  c 

>»  V  -r- 

T3  C  —  4J 

3  *0  M 

4J  H-  4J 

VI  VI  o  VI 


-C  Q.  4-» 

«J  A3 

*“ 

u  cr  xz 

oou 
*  o  m 

o  0# 

*4  4-»  jQ 

2  e  « 

»—  o  c 

>>  o 


S  5  * 

c  $  _• 

4  ?  K 

(U  f*3 


2  £  5 
"si 


SSt 

&  3  4 
s 


5  a>  cy» 

-  $  ? 

;  o 


*  ** 

00  u  o 

u_*  k  ^ 
o  £  s 

QC  +»  U 


Qi  4-»  r- 

X>  C  ♦— 

„  «i  *J 

«»  o  u 

>  «a  <o 

4^0. 
■c  -o 

«  *  £ 

jj  *j  * 

C  *  vi 

O  01 

u  x:  x: 

•*-  o  u 

>44 

u  «  6 

o>  -o  o 


p  cn 
vi  2  — 
«i  -o  10 
Ct  3  k 
>»  »“  *J 

*-*  O  tA 


73 


The  development  end  changes  of  these  channels  have  been  Investigated.  details  can  be  found  In  a  subsequent  Technical  University  of  Denmark 

The  strong  outflow  of  current  and  the  presence  of  the  channels  along  the  publication, 

bottom  constitute  a  serious  danger  to  Inexperienced  {winners.  (Authors) 
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by  radio  signal  or  through  a  telephone  cable  connected  to  a  switch  on  the  t1d*'  corresponded  "1th  a  Proportionally  stronger  circulation.  Thus 

ground.  The  balloon  provided  a  buoyancy  lift  of  54  pounds,  while  the  circulations  -ere  generally  stronger  during  low  tide  than  during  high 

total  payload.  Including  both  the  caawra  capsule  and  tethers, weighed  36  t1d«-  p1P  c“rr*"t  ''«!ecn1es  •*  high  tide  fluctuated  with  Incoming 

pounds.  Photographs  thus  obtained  disclosed  activities  of  rip  currents  *»"*•  "her**s  h19"  velocities  at  low  tide  tended  to  fluctuate  at  surf 

and  related  circulation  cells  In  ouch  greater  clarity  and  detail  than  *■*  frequencies.  I"  proportion  to  Increasing  rip  velocities,  the  rip 
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nonviscous  wave  theories  to  quantify  surf  zone  wave  characteristics  is 
misleading  insofar  as  quantitative  prediction  is  concerned.  (Authors) 
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p'unging,  and  spilling  breakers  in  terms  of  percent  wave-induced  velo-  density  functions  of  period  and  particle  velocity,  and  velocity  and 

city  intensity.  (DHL)  height,  suggest  that  the  maximum  onshore  particle  velocities  are  cor¬ 

related  with  both  the  wave  periods  and  wave  heights.  (Authors) 

3A0.  thornTON,  E.B.,  "Longshore  Currents  and  Bed  Shear  Stress,"  Proceedings , 
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*rom  the  integration  of  the  mean  water  level  from  the  shore  toward  deep  ™S  syste<n  ,s  use<)  in  conjunction  with  a  two-dimensional  time  projec- 

water;  and  a  velocity  Integral  calculated  from  observed  results.  A  t1on  of  the  free  surface  t0  evaluate  nearshore  surface  wave  behavior, 

tomparlson  of  these  aspects  with  the  linear  wave  theory  will  be  made,  (Author) 

'•he  Irst  part  of  this  note  contains  some  formulas  required  for  further 
analyses  and  the  presentation  of  the  experiments.  ( DHL ) 


Keywords:  Icmqthar*  current*,  Fitld  experiment*,  Stdvntnt  transport 

As  discussed  in  Thornton  (1969),  this  early  field  study  of  littoral 
drift  also  Included  sketches  of  longshore  current  distribution  across 
the  surf  ton*.  The  maxlmun  current  reported  was  about  0.6  meter  per 
second  at  the  bars. 
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Nearshore  Circulation  Systems 
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